Nanoscale photonic crystal (PhC) materials enable the application of optical bandgap engineering in optofluidic systems, further enhancing their utility and range of function [1] . A photonic bandgap can be formed in a photonic crystal material by periodically varying the refractive index in 1, 2, or 3 dimensions, creating a nanoscale lattice structure that is analogous to the atomic structure found in homogenous crystalline materials. The design and fabrication of this engineered lattice, as well as the controlled introduction of lattice defects [2] , allows the unique properties of 2-dimensional PhC structures to be exploited in a variety of optical biosensor designs [3] , [4] .
The detection of biomolecules through the use of fluorescence emission has become commonplace in performing environmental and biomedical diagnostics for counter-bioterrorism, DNA/protein identification and classification, agricultural sciences, and many other applications [5] . Fluorescence emission methods offer excellent sensitivity and low detection limits for a wide range of fluorescent label/molecule combinations [6] . However, the 'bench-top' nature of diagnostic systems that employ these methods does not lend well to sample analysis outside of a dedicated laboratory.
The combination of optics and microfluidics into optofluidic systems has provided a means of creating portable integrated platforms for performing fluorescence emission analyses in fieldable systems [7] . We present here what we believe to be the first design of a photonic crystal-based sensor for selective biomolecule detection using an enlarged air hole nanocavity tuned for resonance with a fluorescing biomolecule. This novel approach to biosensing is based upon photonic crystal defect structures that are engineered to act as waveguides, optical resonant cavities, and nanofluidic flow channels (Figure 1 ). This mode of operation circumvents the complexity associated with alternative PhC-based detection architectures that rely on biomolecule binding enabled by the functionalization of the interior surfaces of PhC lattice cavities [8] , providing an immediately reusable sensor system that is not fouled after a single measurement.
The PhC-based bioelement can be designed and fabricated to enable parallel analysis of multiple biomolecular specimens, dramatically improving system flexibility and throughput. This paper will discuss modeling, design, and nanofabrication of PhCs in silicon and GaN materials. First-order results of PhC optical property characterization will be provided.
Preliminary simulations indicate that fluorescence emission intensity inside of a PhC resonant defect nanocavity is enhanced to a level 10-15 times greater than emission outside of a defect due to optical confinement and the Purcell effect [9] . 
